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FOREWORD 


This  is  a  revision  of  one  section  of  Vegetable  and 
Fruit  Dehydration — A  Manual  for  Plant  Operators , 
U.S.  Department  of  Agriculture,  Miscellaneous'  Pub- 
lication No.  54-0,  which  has  been  out  of  print  for 
several  years.    This  section  presents  general  prin- 
ciples governing  the  proper  storage  and  handling  of 
fresh  vegetables  for  subsequent  dehydration  and  de- 
scribes precautions  which  are  generally  applicable  to 
all  vegetables.    More  specific  and  detailed  recommen- 
dations will  appear  in  the  sections  of  the  revised 
Manual  which  deal  with  the  individual  vegetables. 


STORING  AND  HANDLING  FRESH  VEGETABLES  FOR  DEHYDRATION 


In  any  type  of  food  preservation,  whether  it  be  canning,  freezing,  or  dehydra- 
tion, the  quality  of  final  product  directly  reflects  the  quality  of  the  raw 
material  used  in  its  preparation.    Hence,  if  a  product  of  high  quality  is  to  be 
produced,  not  only  must  raw  material  of  highest  possible  quality  be  procured, 
but  handling  and  storage  practices  between  harvest  and  processing  must  retain 
that  quality  during  the  interval. 

It  is  a  common  misconception  that  all  life  activity  comes  to  an  end  as  soon  as 
a  plant  part  is  severed  from  the  parent  plant  or  when  the  whole  plant  is  removed 
from  the  environment  required  for  its  growth.    In  fact,  it  is  well  established 
that  tissues  continue  to  carry  on  such  activities  long  after  harvest.  The 
ripening  of  green  tomatoes  illustrates  such  activity. 

Plants  as  they  exist  in  their  normal  environment    change  continuously  through  a 
series  of  complex  reactions.    Some  of  these  reactions  seem  to  supply  the  energy 
necessary  for  the  support  of  normal  life  processes.    The  compounds  involved  may 
be  formed  either  (a)  by  a  process  of  synthesis  in  which  simple  materials  are 
contorted  into  more  complex  compounds  (for  example,  the  formation  of  sugars 
from  carbon  dioxide  and  water,  by  the  process  of  photosynthesis),  (b)  by  the 
breakdown  of  more  complex  compounds  already  present  in  the  plant  into  simpler 
compounds  (for  example,  the  conversion  of  starch  into  the  simpler  sugars). 

Other  reactions  are  involved  in  the  growth  of  plants.    In  these,  the  compounds 
are  formed  largely  by  a  process  of  synthesis,  in  which  the  simpler  compounds 
are  converted  into  more  complex  materials.    As  examples,  starch  is  formed  from 
the  simpler  sugars  which  are  evolved  from  the  process  of  photosynthesis,  as 
mentioned  previously,  and  proteins  are  formed  from  the  amino  acids  which  result 
from  interaction  of  certain  simple  compounds  with  ammonia. 

In  the  reactions  involved  in  the  production  of  energy,  the  process  of  respira- 
tion plays  a  major  role.     In  respiration,  oxygen  of  the  air  is  consumed  by  the 
tissues  and  carbon  dioxide  and  water  are  liberated  with  the  concurrent  evolution 
of  energy.    Substances  such  as  sugars,  fats,  proteins,  and  organic  acids  are 
utilized  in  the  process.    They  are  oxidized  ("burned  up")  to  liberate  the 
chemical  energy  necessary  for  the  support  of  life  processes. 

As  suggested  previously,  the  mechanism  by  which  the  oxidation  occurs  is  not 
simple.    Many  complex  chamical  reactions  are  involved,  with  formation  of 
numerous  intermediary  products  prior  to  the  final  formation  of  carbon  dioxide 
and  water.    In  the  oxidation  of  proteins,  additional  end  products  result,  such 
as  simpler  nitrogenous  compounds  and,  in  some  cases,  sulfates  and  phosphates. 

Yvhen  the  plant  is  removed  from  its  native  environment,  as  at  harvest,  its  supply 
of  nutrient  material  is  cut  off  and  the  courses  of  the  various  reactions  are 
altered.    The  process  of  synthesis  is  hampered  considerably,  if  not  completely 
halted.    On  the  other  hand,  respiration  continues.     In  this  case,  however,  the 
compounds  necessary  for  the  support  of  the  process  are  obtained,  for  the  most 
part,  from  the  breakdown  of  plant  tissue  components  such  as  starches. 
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In  many  cases,  these  compounds  are  consumed  faster  than  they  are  produced,  and 
the  net  result  is  a  reduction  in  concentration  of  the  material  present  in  the 
tissues.    Since  certain  of  these  exert  an  effect  on  the  flavor  of  the  product, 
a  reduction  in  concentration  will  directly  affect  quality.    For  example,  sweet- 
ness, which  is  an  important  factor  in  quality  of  many  materials,  is  governed 
largely  by  the  free  sugar  (particularly  sucrose)  present  in  a  given  commodity. 
Since  sugar  is  one  of  the  important  substances  consumed  in  the  process  of 
respiration,  its  loss  is  accompanied  by  a  loss  in  sweetness  with  a  resultant 
.lowering  in  quality  of  the  product.    Such  changes  are  known  to  occur  in  the 
so-called  perishable  vegetables  such  as  corn,  peas,  spinach,  and  asparagus.  On 
the  other  hand,  there  are  commodities,  such  as  the  sweetpotato,  in  which  there 
is  an  accumulation  of  sugars  in  the  tubers  after  harvest  and  curing. 

In  addition,  the  conditions  under  which  the  particular  product  is  held  may  be 
such  that  respiration  may  not  proceed  in  the  normal  manner.    For  example,  if 
the  tissues  are  shut  off  from  their  normal  oxygen  supply,  abnormal  respiration 
may  occur  in  which  oxygen  is  derived  from  the  breakdown  of  constituents  present 
in  the  tissues.     In  such  cases,  abnormal  products  of  respiration  may  be  formed, 
the  accumulation  of  which  may  impart  off -flavors  and  odors  to  the  product,  thus 
lowering  quality. 

The  processes  just  discribed  are  chemical  in  nature  and  as  such  are  influenced 
in  rate  and  degree  by  environmental  conditions  such  as  temperature.    There  is 
a  rough  rule  for  chemical  reactions  which  states  that  for  every  rise  in  temper- 
ature of  18°F,  (10°C.)  the  rate  of  a  chemical  reaction  is  doubled.     In  bio- 
chemical reactions  (those  which  occur  in  plant  and  animal  life),  this  relation- 
ship holds  roughly  within  certain  temperature  limits.    Thus,  the  rate  at  which 
the  deteriorative  processes  occur  (those  affecting  quality)  is  increased  with 
increasing  temperature  of  holding  during  the  interval  betwedn  harvest  and 
processing. 

As  an  example,  it  has  been  showni/  that  in  as  little  time  as  three  hours  after 
harvest,  sweet  corn  loses  about  14.  percent  of  its  sugar  if  held  at  70°F,  after 
cooling  for  one  hour  in  ice  water.    When  held  at  32°F.  there  is  no  loss  in 
three  hours,  about  3.7  percent  loss  in  24.  hours,  and  7.6  percent  loss  in  72 
hours.    After  vining,peas  likewise  show  an  increased  rate  of  sugar  loss  and  a 
toughening  of  the  skins  at  higher  temperatures.-'   In  asparagus,  loss  of  sugar 
and  gain  in  crude  fibar  (the  tough  principle)  are  markedly  accelerated  by  in- 
creased temperature.^/  String  beans  show  a  loss  in  quality  which  cannot  be 
adequately  expressed  by  sugar  content,  crude  fiber,  etc .47  Nevertheless,  such 
losses  occur. 


1/  E.  D.  Mallison  and  W.  T.  Pentzer.    Body  icing  in  transit  refrigeration  of 

vegetables.    U.  S.  Dept.  Agr.  Tech.  Bui.  627  (1938). 
2/  M.  M.  Boggs,     .        ^bell,  and  C.  D.  Schwartze.    Factors  influencing  the 

texture  of  peas  preserved  by  freezing.    Food  Research  7,  272  (194-2). 

3/C.  S.  Bisson,  H.  A.  Jones,  and  W.  W.  Robbins.    Factors  influencing  quality  of 
fresh  asparagus  after  it  is  harvested.    California  Agr.  Exp.  Sta.  Bui.  4-1C 
(1926). 

4/  M.  W.  Parker  and  N.  W.  Stuart,  Changes  in  chemical  composition  of  green  snap 
beans  after  harvest.    Maryland  Exp.  Sta.  Bui.  383  (1935). 
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Hasrvesting  practices  have  their  effects  on  reactions  that  alter  quality.  In 
peas,  for  example,  the  bruising  which  occurs  as  a  result  «f  vining  causes 
abnormal  respiration,  which  results  in  accumulation  of  substances  (aldehydes, 
'alcohols,  and  others  of  unknown  nature),  which  affect  the  flavor  of  the  pro- 
cessed product  unfavorably.!/  The  rate  of  formation  of  these    undesirable  prod- 
ucts can  be  reduced  markedly  by  lowering  the  holding  temperature. 

The  temperature  of  the  raw  material  is  governed  not  only  by  the  temperature  of 
the  surroundings  but  also  by  the  heat  generated  by  the  process  of  respiration, 
its  an  illustration,  approximately  4.0,0*0  B.t.u.  of  heat  are  liberated  by 
respiration  of  a  ton  of  peas,  string  beans,  or  sweet  corn  when  stored  at  60°F. 
for  24.  hours.    However,  these  same  commodities  when  cooled  to,  and  stored  at, 
32°F.  liberate  only  5,000  to  8,000  B.t.u.  of  heat  during  the  same  storage 
interval.    Thus  law  storage  temperature  is  at  least  one  means  of  contol  of 
respiration.    Quick  cooling  to  low  temperatures  prevents  heating  and  markedly 
retards  the  processes  (respiration  and  other  chemical  reactions)  which  cause 
loss  in- quality  of  the  raw  material. 

The  effect  of  storage  in  atmospheres  of  controlled  carbon  dioxide  content  on 
quality  of  vegetables  has  been  studied  to  a  limited  extent.    Although  bene- 
ficial effects  have  been  reported  for  some  commodities  (asparagus,  spinach,  kale 
and  sweet  corn),  considerably  more  information  is  needed  before  definite  recom- 
mendations-can be  made. 

Deterioration  from  microbiological  activity  is  also  markedly  accelerated  by 
high  temperature.    Hence  it  is  obvious  that  if  a  processor  is  to  retain  quality 
and  protect  highly  perishable  produce  from  spoilage,  he  has  the  choice  of 
prompt  utilization  of  the  raw  material  (a  very  few  hours  after  harvest)  or  of 
quick  cooling  and  storage  at  low  temperatures.    Since  harvesting  operations 
often  cannot  be -geared  closely  ^o  processing,  the  first  is  usually  not  practic- 
able.   Thus,  the  alternative  of  precooling  and  refrigerating. appears  most 
reasonable. 

A  word  of  caution  .must  be  offered.    The  placing  of  vegetables  in  a  cold  room  is 
not.  sufficient  to  accomplish:  rapid  cooling.    The  amount  of  surface  exposed  to 
the  air  temperatures  and  velocities  will  be  determining  factors  in  the  removal 
of  heat.    Likewise,  to  get  rapid  heat  transfer  in  water  cooling  requires  large 
volumes  of  cold  water  (32°  to  53a~F.)  passing  over  the  material  at  high  velocities. 
Placing  lugs  or  crates  of  vegetables .  in  tanks  of  water  does  not  bring  about 
rapid  cooling.    In  the  development  of  the  water  cooling  systems  used  commercially, 
the  design  that  is  most  effective  relies  on  moving  large  quantities  of  ice  water 
over  the  commodity  per  minute,  rather  than  moving  the  commodity  through  tanks  of 
water  where  much  lower  velocities  are  obtained. 

In  the  previous  discussion,  emphasis  has.  fallen  on  highly  perishable  commodities, 
which,  to  retain  highest  quality,  should  be  processed  within  hours  after  harvest. 
There  are  other  commodities,  such  as  cabbage,  carrots,  and  onions,  which  are 
less  perishable  and  can  be  held  for  longer  times  between  harvest  and  processing. 


j>/  E.  F,  Kohmann  and  N.  H.  Sanborn.    Effect  of  respiration  on  vegetable  flavor. 
Ind.  Eng.  Ghem.  26,  773  (1934). 


Even  with  these  commodities,  however,  best  results  are  obtained  when  they  are 
held  near  32CF.  and,  particularly  with  carrots  and  cabbage,  best  results  are 
obtained  when  they  are  processed  as  soon  as  possible  after  harvest.    Holding  in 
excess  of  3  to  A  days  is  not  advocated.    On  the  other  hand,  onions,  if  properly 
cured,  can  be  stored  for  several  months  under  dry,  well  ventilated  conditions 
without  appreciable  effect  on  product  quality. 

Potatoes  present  a  more  complicated  problem  with  regard  to  storage  for  use  in 
dehydration.    For  long  storage,  temperatures  should  be  held  near  A0°F.    At  this 
low  temperature,  however,  there  is  an  accumulation  of  free  reducing  sugars  in 
the  tubers.    The  presence  of  such  sugars  is  undesirable,  since  they  increase 
the  tendency  of  the  potatoes  toward  browning  during  dehydration.    Usually  this 
difficulty  can  be  reduced  by  a  conditioning  process  in  which  the  potatoes  are 
held  for  a  short  time  (1-3  weeks)  at  a  higher  temperature  (70°-80°F.).  Under 
those  conditions  the  sugar  content  declines.    The  length  of  the  conditioning 
period  will  depend  on  the  variety  of  potato  and  amount  of  sugar  present.  Such 
a  procedure  requires  a  considerable  amount  of  storage  space  and  may  not  be 
economically  feasible  for  large  operation.    The  other  alternative  is  to  store 
at  50e-60°F.,  at  which  temperatures  sugars  do  not  accumulate.    However,  in  this 
case  some  losses  due  to  sprouting  may  be  incurred  if  storage  is  prolonged. 

Sweetpotatoes  are  best  held  at  temperatures  near  55°F. ,  because  they  are  subject 
to  chilling  injury  which  increases  the  tendency  toward  certain  types  of  decay. 
Prior  to  storage  the  tubers  are  put  through  a  curing  process  to  permit  healing 
of  wounds  or  abrasions  incidental  to  harvesting  and  handling.    This  is  accom- 
plished by  treatment  at  80°  to  85°F.  in  relative  humidity  of  85  to  90  percent 
for  a  period  of  10  to  15  days. 

Although  most  commodities  retain  maximum  quality  when  stored  at  near  freezing 
temperatures  (usually  31°  to  32°F. ) ,  there  are  certain  exceptions,  as  cited 
above,  in  which  cool  but  not  cold  storage  temperatures  are  most  advantageous. 

Receiving:  the  Product 

The  minimum  requirement  at  the  dehydration  plant  is  a  receiving  shed  where  the 
fresh  produce  can  be  stacked  out  of  the  sun,  wind,  and  rain  as  it  is  delivered 
from  the  field.     In  cold  climates  a  tight,  insulated  building  is  needed  to  pre- 
vent damage  by  freezing.    When  produce  is  received  during  warm  weather  and  is  to 
be  held  overnight  or  all  day  before  processing,  it  should  not  be  stacked  tightlyj 
instead,  an  air  space  should  be  left  on  two  sides  of  the  containers  to  permit 
ventilation  and  prevent  heating.    Highly  perishable  commodities  should  be  re- 
ceived in  a  chilled  condition  (accomplished  either  by  water  cooling  or  icing  or 
preferably  both)  and  should  not  be  allowed  to  heat  in  the  interval  between 
.  receiving  from  the  field  and  processing. 

Produce  is  delivered  to  the  dehydrating  plant  in  many  types  of  containers,  the 
selection  being  dictated  by  experience.    Ventilated  crates  or  hampers  or  small 
lug  boxes  are  often  used  for  such  perishable  commodities  as  peas,  corn,  and 
spinach.    Adequate  means  of  cooling  should  be  provided,  as  has  been  mentioned 
elsewhere.     In  some  districts  shallow  field  boxes  are  widely  used  for  some  vege- 
tables, while  in  others  bushel  boxes,  baskets  of  various  sizes,  and  barrels  are 
used.    Such  vegetables  as  potatoes,  onions,  and  other  root  crops  are  commonly 
sacked. 
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It  is  often  more  convenient  and  better  practice  to  handle  the  commodity  in  the 
field  container  rather  than  to  empty  it  into  bins.    Emptying  it  into  bins  en- 
tails extra  handling,  increasing  chances  of  bruising,  and  necessitates  provision 
for  ventilation  if  the  produce  is  to  be  held  for  some  time.    Some  products,  for 
example  cabbage,  carrots,  o^*  other  root  crops,  may  be  delivered  in  bulk,  and  re- 
ceiving bins  are  then  used  go  good  advantage. 

Storage 

Since  a  long  season  of  operation  is  advantageous,  the  problem  of  laying  up  a 
supply  of  raw  material  is  important.    Storage  facilities  will  also  aid  in  smooth- 
ing out  production  peaks  and  preventing  shutdowns.     If  commercial  storage  plants 
or  suitable  farm  storages  are  conveniently  located,  they  can  be  used.    It  may  be 
necessary,  however,  for  the  operator  to  provide  his  own  storage,  and  ho?;  elab- 
orate this  will  have  to  be  will  depend  upon  the  storage  requirements  of  the 
commodity,  on  the  temperature  and  humidity  it  needs,  the  normal  storage  life,  and 
whether  or  not  outside  temperatures  can  be  used  to  approximate  these  require- 
ments.   For  storage  of  crops,  such  as  potatoes,  in  the  cool  fall  months,  nothing 
more  than  a  covered  shed  may  be  needed.    For  most  crops  (even  those  considered 
reasonably  stable  to  cool  storage,  such  as  carrots),  storage  at  temperatures  near 
32CF.  is  preferable.    Commercial  experience  in  the  district  should  be  consulted 
to  determine  whether  or  not  unrefrigerated  storage  will  suffice.    Plans  for  farm 
storage  plants  that  use  outside  air  to  maintain  temperatures  can  be  obtained  from 
the  United  States  Department  of  A'riculture,  Washington,  D.C. 

If  refrigeration  is  needed,  the  kind  of  plant  that  is  installed  will  be  determined 
by  refrigeration  requirement,  availability  of  equipment,  and  investment  war- 
ranted.   Storages  refrigerated  by  ice  bunkers  and  fans  instead  of  mechanical 
refrigeration  can  be  constructed  for  crops  that  have  a  short  season.    The  initial 
investment  is  lower  than  for  mechanically  refrigerated  plants  and  desirable 
humidities  of  85  to  90  percent  are  easy  to  maintain.    A  common  type  is  the  stor- 
age plant  refrigerated  entirely  by  mechanical  refrigeration,  and  it  may  be  one 
of  several  designs.    However,  combination  ice-bunker  and  mechanically  refrig- 
erated plants  have  been  constructed  that  utilize  the  high  refrigeration  capacity 
of  ice  bunkers  to  cool  the  commodity  and  a  small  compressor  to  maintain  temper- 
atures during  storage. 

'/Jhatever  the  type  of  plant  installed,  it  should  have  refrigeration  capacity 
sufficient  to  cool  the  produce  to  within  a  few  degrees  of  the  recommended  storage 
temperature  in  IS  to  2U  hours,  and  it  should  maintain  temperatures  throughout  the 
rooms  within  a  degree  or  two  of  the  specified  temperature.     The  correct  humidity 
should  also  be  maintained  within  2  or  3  percent.    These  specifications  if  com- 
plied with  will  insure  ample  refrigeration  capacity,  good  air  volume  and  dis- 
tribution, and  suitable  air-temperature  control.    The  layout  of  the  plant  for 
convenience  in  loading  and  unloading  will  likewise  be  an  important  natter  to 
discuss  with  the  engineer  designing  the  plant. 
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Table  1 

Optimum  Storage  Conditions  for  Storing  Some  Common 

VegetablesSjJjy 


Beans  (green) 
Beets 

Cabbage 
Carrots 

Celery 
Corn  (green) 
Onions 

Poas  (green,  in  pod)£/ 

Peppers,  sweet 

Potatoes 

Spinach 

Sweetpotatoes 


Temperature 
(°F.) 


32-4-0 
32 

32 
32 

31-32 

31-32 

32 

32 

32 

38-50^/ 
32 

50-55 


Relative  humidity 
(percent) 


85-90 

95-98  (topped) 
85-90  (bunched) 
90-95 

95-98  (topped) 

85-90  (bunched) 

90-95 

85-90 

70-75 

85-90 

85-90 

85-90 

90-95 

80-85 


a/  Taken  from  (6)  in  general  references. 

b/  Length  of  storage  has  been  omitted  purposely,  because  indications  have 
been  presented  in  text.. 

c/  Discussion  on  shelled  peas  is  presented  in  text. 

d/  See  text  for  necessity  of  conditioning  prior  to  processing. 


Transportation 

If  the  dehydration  plant  is  located  close  to  the  area  of  production,  as  it 
should  be,  there  will  be  few  transportation  problems.    Generally  the  methods 
found  adequate  for  the  trucking  or  carlot  shipment  of  produce  for  the  fresh 
market  should  suffice  for  the  dehydrator.    I/hen  perishable  crops  such  as 
spinach,  asparagus,  peas,  and  sweet  corn  are  to  be  in  transit  for  5  or  6 
hours,  the  materials  should  be  water-cooled  before  loading  and  the  load  should 
be  iced  during  transit.     If  peas  have  been  vined,  holding  for  as  little  as  2 
hours  at  room  temperature  results  in  the  development  of  off -flavors  due  to 
bruising  which  occurs  during  the  vining  opera t ion. 2iLf  Even  when  vined  .peas  are 
water-cooled  and  iced,  holding  in  excess  of  6  hours  is  not  desirable. 2/ 


6/  R.  U.  Makower    and  A.  C.  Ward.    Role  of  bruising  and  delay  in  the 
development  of  off -flavor  in  peas.    Food  Technol.       4.6  (1950). 

7/  V/.  F.  Talburt    and  R.  R.  Legault.    Time  lapse  gets  top  blame  for 
shelled  pea  off -flavor.    Food  Indus.  22(6): 1021  (1950). 

8/  R.  U.  Makower.    Unpublished  results. 
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Cooling  and  icing  are  advantageous  even  for  shorter  tines.  String  beans, 
which  are  often  harmed  by  wetting,  nay  be  benefited  by  precooling  in  cold 
air  before  shipment. 

For  products  that  are  shipped  some  distance,  refrigerated  trucks  or  refrig- 
erator cars  will  be  needed.    The  refrigerator  car  lines  serving  the  district 
can  be  consulted  as  to  the  refrigeration  services  in  general  use  for  specific 
commodities.    Cars  equipped  with  fans  to  circulate  the  air  during  transit  are 
now  available  in  most  areas.    These  provide  better  refrigeration  in  transit 
than  the  older  cars,  and  will  be  found  especially  adaptable  to  perishable 
commodities  that  are  shipped  without  top  icing  the  load. 
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